EP 1018 762 A2

)) oo I TR
(19) o European Patent Office

Office européen des brevets (11) EP 1 01 8 762 A2
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: (51) mtct”: HO1L 23/31, HO1L 21/48
12.07.2000 Bulletin 2000/28

(21) Application number: 99308086.0

(22) Date of filing: 13.10.1999

(84) Designated Contracting States: * Horiuchi, Michio, c/o Shinko Electric Ind. Co. Ltd
ATBECHCYDEDKESFIFRGBGRIEITLILU Nagano-shi, Nagano 380-0921 (JP)
MC NL PT SE ¢ Takeuchi, Yukiharu,
Designated Extension States: cl/o Shinko Elec. Ind. Co. Ltd.
AL LT LV MK RO SI Nagano-shi, Nagano 380-0921 (JP)
(30) Priority: 16.10.1998 JP 29504898 (74) Representative: Rackham, Stephen Neil
GILL JENNINGS & EVERY,
(71) Applicant: SHINKO ELECTRIC INDUSTRIES CO. Broadgate House,
LTD. 7 Eldon Street
Nagano-shi, Nagano 380-0921 (JP) London EC2M 7LH (GB)
(72) Inventors:
¢ Kirloskar, Mohan,
c/o Shinko Electric America, Inc
Santa Clara, California (US)

(54) Semiconductor device and fabrication method thereof

(57) A semiconductor device is provided which im-
proves reliability by preventing connection defects with

extensions and interface peeling occurring between a Fi g . 5
substrate and a sealing resin, and which can reduce the
production cost by simplifying the fabrication process. 1(? }7 1{2 }7 10
In this semiconductor device, each lead (16) for electri- 7
cally connecting an electrode terminal (12) of a semi- J/ //&
| on torm (b) =
conductor chip (10) to an external connection terminal 2 20 —
(14) comprises an extension (17) extending parallel to - \'(i P ,( k(\r 33
an electrode terminal formation surface of the semicon- / ) J Y\
16 24, 16 2, 30b

ductor chip (10) with a predetermined distance from the
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post (24) is connected to the electrode terminal (12) of
the semiconductor chip (10). The electrode terminal
post (22) and the extension (17) are sealed by a sealing
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nection terminal post (24) is exposed from the sealing
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Description

[0001] This invention relates to a semiconductor de-
vice and a fabrication method thereof. More particularly,
this invention relates to a semiconductor device of the
type in which an extension for connecting an electrode
terminal of each semiconductor chip and an external
connection terminal is sealed by sealing resin, and to a
fabrication method of such a semiconductor device.
[0002] Semiconductor devices, the semiconductor
chip of which is mounted on a substrate having substan-
tially the same size as that of the semiconductor chip
(hereinafter called the "chip size package"), include the
one that is shown in Fig. 10. In the chip size package
shown in Fig. 10, the semiconductor chip 100 is mount-
ed on a substrate 102 that is a multi-layered substrate.
An electrode terminal 104 of this semiconductor chip
100 and an external connection terminal 106 fitted to the
substrate 102 are connected by internal wiring or
through a via-hole.

[0003] Incidentally, a sealing resin 108 is poured into
the space between the semiconductor chip 100 and the
substrate 102, and seals the electrode terminal 104 of
the semiconductor chip 100, and so forth.

[0004] The chip size package shown in Fig. 10 can be
employed even when the number of electrode terminals
102 of the semiconductor chip 100 is large.

[0005] Because the substrate 102 has the multi-lay-
ered structure, however, connection defects of internal
wiring or via-holes are more likely to occur inside the
substrate 102. Also, interface exfoliation is likely to oc-
cur between the substrate 102 and the sealing resin 108
or between the semiconductor chip 100 and the sealing
resin 108 due to the difference of the thermal expansion
coefficient between the semiconductor chip 100 and the
substrate 102.

[0006] Some of the chip size packages have a con-
struction in which the extensions are extended on one
surface of the substrate having the semiconductor chip
mounted thereon, and the external connection terminals
are bonded to the other surface of the substrate. In the
chip size packages of such a type, too, the sealing resin
is poured into the space between the semiconductor
chip and the substrate and seals the electrode terminals
of the semiconductor chip, and so forth. For this reason,
interface exfoliation is likely to occur, in such chip size
packages, between the substrate and the sealing resin
or between the semiconductor chip and the sealing res-
in. Furthermore, because the extensions formed on one
surface of the substrate and the external connection ter-
minals formed on the other surface of the substrate are
connected through via-holes, etc, penetrating through
the substrate, connection defects between the exten-
sions and the via-holes are likely to occur, too.

[0007] Inthese chip size packages of the prior art, the
semiconductor chip is mounted on the substrate that is
formed in advance, and needs the substrate formation
step. Therefore, the production cost of the chip size
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packages becomes high.

[0008] Itis therefore an object of the present invention
to provide a semiconductor device that has improved
reliability by preventing connection defects with exten-
sions and interface exfoliation between a substrate and
a sealing resin, and has reduced production cost due to
a simple fabrication process, and also a fabrication
method thereof.

[0009] The inventors of the present invention have re-
alized that, in order to accomplish the objects described
above, it is effective to omit the substrate 102 of the chip
size package shown in Fig. 10, and have completed the
present invention.

[0010] In other words, according to one aspect of the
presentinvention, there is provided a semiconductor de-
vice of the type in which a lead for electrically connecting
an electrode terminal of each semiconductor chip to an
external connection terminal comprises an extension
extending parallel to an electrode terminal formation
surface of the semiconductor chip with a predetermined
distance from the semiconductor chip, an external con-
nection terminal post provided at one of the end portions
of the extension, and an electrode terminal post provid-
ed to the other end portion of the extension and con-
nected to the electrode terminal of the semiconductor
chip; wherein the electrode terminal post and the exten-
sion are sealed by a sealing resin, and the distal end
portion of the external connection terminal post is ex-
posed from the sealing resin.

[0011] According to another aspect of the present in-
vention, there is provided a method of fabricating a sem-
iconductor device of the type in which an extension for
connecting an electrode terminal to an external connec-
tion terminal of each semiconductor chip is sealed by a
sealing resin, the method comprising the steps of: seri-
ally forming grooves at predetermined positions of a
metal plate on which the external connection terminals
are to be formed, external connection terminal posts by
filling a metal into the grooves, extensions on the metal
plate each having one of the ends thereof connected to
the external connection terminal post, and electrode ter-
minal posts each having one of the ends thereof con-
nected to the other end portion of the extension and the
other end thereof connected to the electrode terminal of
the semiconductor chip; mounting the semiconductor
chips in such a fashion that the electrode terminals of
the semiconductor chips are connected to the other end
of the electrode terminal posts; applying first etching to
the metal plate from an open surface side on which the
grooves are open, to a predetermined thickness in such
a fashion as to obtain an etched surface of a metal plate
having the predetermined thickness, filling a sealing res-
in between the etched surface of the metal plate and an
electrode terminal formation surface of the semiconduc-
tor chips, and resin-sealing the extensions extending
from the electrode terminal formation surface of the
semiconductor chips with a predetermined distance
therefrom, and the electrode terminal posts; and apply-
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ing second etching to the exposed surface side of the
metal plate in such a fashion as to form the external con-
nection terminals at the distal end portion of the external
connection terminal posts so exposed, and removing
the metal plate.

[0012] In the present invention described above, the
lead comprising the electrode terminal post, the exten-
sion and the external connection terminal post is pref-
erably formed of gold, and this lead made of gold can
be easily shaped by electrolytic gold plating using the
metal plate as a power feed layer.

[0013] The sealing resin for sealing such a lead pref-
erably has a Young's modulus of not greater than 1 GPa
at room temperature.

[0014] The fitting strength of the external connection
terminal can be improved by forming an external con-
nection terminal made of a metal such as a solder at the
distal end portion of the external connection terminal
post. Such an external connection terminal can be
formed by forming a metal layer of a solder, or the like,
at the distal end portion of the external connection post
by electrolytic metal plating using the metal plate as a
power feed layer, and re-flowing the metal layer.
[0015] In the semiconductor device according to the
presentinvention, the electrode terminal of the semicon-
ductor chip and the external connection terminal are
connected by the lead. Therefore, in comparison with
semiconductor devices of the type in which a substrate
is interposed between the semiconductor chip and the
external connection terminal, the number of connection
portions becomes smaller, and the connection defects
of the internal wiring and the via-holes can be reduced.
[0016] Moreover, because the substrate for mounting
the semiconductor chip can be omitted, the problem of
the interface exfoliation between the substrate and the
sealing resin or between the semiconductor chip and the
sealing resin, that results from the difference of the ther-
mal expansion coefficient between the substrate and
the semiconductor device, can be eliminated, and the
substrate formation step can be omitted in the fabrica-
tion process of the semiconductor device.

[0017] As a result, the present invention can reduce
the production cost of the semiconductor device and can
improve reliability of the resulting semiconductor device.
[0018] Particular embodiments of semiconductor de-
vices in accordance with this invention will now be de-
scribed with reference to the accompanying drawings;
in which:-

Fig. 1is a partial sectional view showing an example
of a semiconductor device according to the present
invention;

Fig. 2 is a plan view showing leads 16 of the semi-
conductor device shown in Fig. 1;

Figs. 3(a) to 3(d) are Sectional views showing a part
of a fabrication process of the semiconductor de-
vice shown in Fig. 1;

Fig. 4(a) to 4(c) are sectional views showing anoth-

10

15

20

25

30

35

40

45

50

55

er part of the fabrication process of the semiconduc-
tor device shown in Fig. 1;

Figs. 5(a) to 5(c) are sectional views showing an-
other part of the fabrication process of the semicon-
ductor device shown in Fig. 1;

Figs. 6(1) to 6(e) are sectional views showing an-
other part of the fabrication process of the semicon-
ductor device shown in Fig. 1;

Figs. 7(a) and 7(b) are plan views showing other
examples of the leads 16 of the semiconductor de-
vice shown in Fig. 1;

Fig. 8 is a partial sectional view showing another
example of the semiconductor device according to
the present invention;

Fig. 9is a partial sectional view showing still another
example of the semiconductor device according to
the present invention; and

Fig. 10 is a sectional view showing an example of
the semiconductor device of the prior art.

[0019] In the semiconductor device shown in Fig. 1,
electrode terminals 12 of a semiconductor chip 10 and
ball-shaped external connection terminals 14 made of
a solder are electrically connected to one another by
leads 16. Almost all the portions of the leads 16 are
formed inside a sealing resin 18 that is bonded with an
electrode terminal formation surface on which the elec-
trode terminals 12 of the semiconductor chip 10 are
formed.

[0020] Each of the leads 16 comprises an S-shaped
extension 17 extending in parallel with the electrode ter-
minal formation surface of the semiconductor chip 10
with a predetermined distance from the electrode termi-
nal formation surface, an electrode terminal post 22 that
is connected to the electrode terminal 12 of the semi-
conductor chip 10, and an external connection terminal
post 24 to which the external connection terminal 14 is
connected, as shown in Fig. 2. In the lead 16 shown in
Fig. 1, the electrode terminal post 22 is set up at one
end 21 of the extension 17, and the external connection
terminal post 24 is set up at the other end 20 of the ex-
tension 17 in the direction opposite to that of the elec-
trode terminal post 22.

[0021] The extension 17 of the lead 16 is bent in a
plane parallel to the electrode terminal formation sur-
face of the semiconductor chip 10 as shown in Fig. 2 in
order to form the external connection terminal 14 at a
predetermined position. Since the extension 17 is bent
in this way, the extension 17 undergoes expansion and
contraction in accordance with stresses such as a ther-
mal stress resulting from the difference of the thermal
expansion coefficient between the semiconductor chip
10 and a packaging substrate, and can mitigate the
stress.

[0022] The distal end portion of the external connec-
tion terminal post 24 protrudes from the surface of the
sealing resin 18, and the ball-shaped external connec-
tion terminal 14 made of a solder is formed. The distal
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end portion of the external connection terminal post 24
is disposed inside this external connection terminal 14
as a core. In consequence, the bonding strength of the
external connection terminal 14 can be improved.
[0023] The extension 20, the electrode terminal 22
and the external connection terminal post 24 that togeth-
er constitute the lead 14 are preferably made of gold.
Gold is extremely excellent both chemically and electri-
cally in comparison with other metals, and can be used
advantageously when the semiconductor device shown
in Fig. 1 is fabricated as will be described later. Moreo-
ver, when tin plating is applied to the electrode terminals
of the semiconductor chip 10, the electrode terminal
post 22 made of gold and the electrode terminal of the
semiconductor chip 10 can be bonded by a gold-tin eu-
tectic alloy.

[0024] Those resins which have a Young's modulus
of not greater than 1 GPa at room temperature, prefer-
ably a Young's modulus of 50 to 600 MPa at room tem-
perature and 2 to 10 MPa at 100°C, can be used suitably
as the sealing resin 18 shown in Fig. 1. More concretely,
preferred examples of such resins include epoxy resins
or polyolefinic resins in which a silicone type elastomer,
NBR rubber, etc, are dispersed.

[0025] When the resin having a low Young's modulus
is used for the sealing resin 18, the extension 17 formed
in the bent shape is allowed to undergo expansion and
contraction virtually without being impeded, as shown
in Fig. 2, also, the thermal stress, etc, resulting from the
difference of the thermal expansion coefficient between
the packaging substrate and the semiconductor chip
can be further mitigated.

[0026] The semiconductor device shown in Fig. 1 can
be fabricated by using a copper plate covered on both
surfaces thereof with a resist, in accordance with a fab-
rication process shown in Figs. 3 to 6.

[0027] First, the resist 30a of the copper plate, at the
positions at which the external connection terminal
posts 24 are to be formed, is removed by etching as
shown in Fig. 3(a). Thus, predetermined portions of the
copper plate 32 are exposed. The exposed portions of
the copper plate 32 are etched in such a fashion as to
define grooves 34 each having a pointed bottom. Gold
is then filled into each groove 34 by electrolytic gold plat-
ing by using the copper plate as the power feed layer,
forming the connection terminal posts 24 having a point-
ed distal end [see Figs. 3(b) and 3(c)].

[0028] Furthermore, the resist 30a is etched to ex-
pose copper plate 32 in such a fashion as to profile the
extension 17 to be formed [Fig. 3(d)].

[0029] Electrolytic gold plating is applied, to the cop-
per plate 32 that is exposed while profiling the extension
20 to be formed, by using the copper plate 32 as the
power feed layer as shown in Fig. 4(a), forming the ex-
tension 17. The portions of the extension 17 shown in
Fig. 4(a) are those portions which are formed at both
end portions of the extension 17. In other words, they
are one end portion 21 at which the electrode terminal
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post 22 is implanted and the other end portion 20 of the
extension to be connected to the external connection
terminal post 24.

[0030] The resist layer 36 applied to the resist 30a is
etched further, and each groove 38, at the bottom of
which the extension 17 is exposed, is formed at the po-
sition at which the electrode terminal post 22 is to be
formed. Electrolytic gold plating is applied using the cop-
per plate 32 as the power feed layer so that gold fills up
the groove 38. In this way, the electrode terminal post
22 is formed [Fig. 4(b)].

[0031] Inthelead 16 comprising the extension 17, the
electrode terminal post 22 and the external connection
terminal post 24 thus formed, the extension 17 and the
electrode terminal post 22 can be exposed on the cop-
per plate 32 by etching and removing the resist 30a and
the resist layer 36 [Fig. 4(c)].

[0032] The semiconductor chip 10 is mounted to the
electrode terminal posts 22 exposed on the copper plate
32 as shown in Fig. 5(a). The electrode terminals 12 of
this semiconductor chip 10 are connected to the elec-
trode terminal posts 22.

[0033] Next, first etching is applied to the copper plate
32. In this case, the surface of the copper plate 32 cov-
ered with the resist 30b is not etched. Instead, the ex-
posed surface of the copper plate after removal of the
resist 30a is etched. In this instance, gold is not etched
by the etching solution for copper. In consequence, the
extension 17, the electrode terminal post 22 and the ex-
ternal connection terminal post 24 that are made of gold
remain as such.

[0034] During this first etching, the copper plate 32 is
not completely removed, but the copper plate 33, the
thickness of which is thus reduced, is left in the proximity
of the distal end portion of the external connection ter-
minal post 24 [Fig. 5(b)]. In this way, the copper plate
33 having the reduced thickness connects the external
connection terminal posts 24, 24 with one another.
[0035] The clearance between the semiconductor
chip 10 and the copper plate 33 is sealed by the sealing
resin 18 [Fig. 5(c)]. This sealing resin 18 seals the ex-
tensions 17, the electrode terminal posts 22 and the ma-
jor proportion of the external connection terminal posts
24,

[0036] Thereafter, as shownin Fig. 6(a), the resist 30b
is removed, and second etching is applied to the copper
plate 33 so as to convert it to a thin copper plate 35, and
to expose the pointed distal end portion of each external
connection terminal post 24. In this instance, too, the
portion near the distal end portion of the external con-
nection terminal post 24 is left interconnected by the thin
copper plate 35.

[0037] Aresist 38 is applied by screen printing, or the
like means, to the thinned copper plate 35 with the ex-
ception of the distal end portion of the external connec-
tion terminal posts 24 and the portions nearby [Fig. 6
(b)]. On the bottom surface of the resist 38 so applied
are formed grooves 39 to which the thin copper plate 35
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and the distal end portions of the external connection
terminal posts 24 are exposed.

[0038] Solder fills up the grooves 39 due electrolytic
plating using the thin copper plate 35 as the power feed
layer, forming a solder portion 40 [Fig. 6(c)].

[0039] Next, after the resist 38 is removed, the thinned
copper plate 35, too, is removed by etching, so that the
solder portion 40 is bonded to the distal end portion of
the external connection terminal post 24 [Fig. 6(c), 6(d)
and 6(e)].

[0040] The ball-shaped external connection terminal
14 can be formed at the distal end portion of the external
connection terminal post 24 by re-flowing the solder por-
tion 40 as shown in Fig. 6(e), and the semiconductor
device shown in Fig. 1 can be obtained.

[0041] Inthe fabrication process of the semiconductor
device shown in Figs. 3 to 6, the fabrication step of the
substrate for mounting the semiconductor chip can be
omitted, and the fabrication process of the semiconduc-
tor device can be simplified.

[0042] InFigs. 3to6, the semiconductor device is fab-
ricated by using the semiconductor chips that are cut
into small pieces. However, the electrode terminal post
22 of the lead 16 may be connected to each electrode
terminal formed on the wafer before the semiconductor
chips are sliced into small pieces. When the wafer is
used in this way, the ball-shaped external connection
terminals 14 are formed by re-flowing the solder portion
and then the wafer is sliced into the individual semicon-
ductor devices, thereby providing the semiconductor
device shown in Fig. 1.

[0043] The shape of the extension, too, can be
changed freely. For example, a U-shaped extension 17
shown in Fig. 7(a) or a loop-like shaped extension
shown in Fig. 17 can be used, too, and these extensions
may also be used in combination with the S-shaped ex-
tension 17 shown in Fig. 2.

[0044] In the semiconductor device shown in Fig. 1,
the ball-shaped external connection terminal 14 is
formed at the distal end portion of the external connec-
tion terminal post 24. However, the external connection
terminal post 24 may be used alone as shown in Fig. 8.
In order to mount the semiconductor device shown in
Fig. 8 onto a packaging substrate, the distal end portions
of the external connection terminal posts 24 are first po-
sitioned to the pads of the packaging substrate to which
a brazing material paste such as a solder paste is in ad-
vance applied, and after the semiconductor device is
packaged, the brazing material paste is bonded by re-
flowing.

[0045] The semiconductor device shown in Fig. 8 can
be obtained by removing the thinned copper plate 33
and the resist 30b after the process step of Fig. 5(c).
[0046] As shown in Fig. 9, the extension 17 may be
extended so that the external connection terminal post
24 and the external connection terminal 14 of the lead
16 can be formed outside the outer wall of the semicon-
ductor chip 10. The semiconductor device shown in Fig.
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9 can be acquired by using the semiconductor chips 10
cut off from the wafer.

[0047] In the semiconductor device described so far,
the electrode terminal post 22 is formed of gold, but it
may be formed of the solder. The electrode terminal post
22 formed of the solder can be connected to the elec-
trode terminal of the semiconductor chip 10 by solder
bonding.

[0048] The external connection terminal post 24 is
formed of gold, but various metal plating may be applied
to the gold surface. More concretely, plating structures
such as gold surface - nickel - gold, gold surface - pal-
ladium - gold, gold surface - nickel - solder, and so forth,
from the gold surface as the base metal surface in the
outer surface direction, can be employed. Furthermore,
the external connection terminal post 24 may be formed
of palladium, and various metal platings may be applied
to the palladium surface. Concrete plating structures in-
clude palladium surface - nickel - palladium and palla-
dium surface - gold - solder from the palladium surface
as the base metal surface in the outer surface direction.
[0049] The present invention can reduce possible
connection defects in internal wiring and via-holes be-
cause the number of connection positions is small. The
present invention does not need the substrate for
mounting the semiconductor chip, and can eliminate the
problem of the interface peeling between the substrate
and the sealing resin or between the semiconductor chip
and the sealing resin that results from the difference of
the thermal expansion coefficient between the substrate
and the semiconductor chip. Moreover, the present in-
vention can omit the substrate formation step in the fab-
rication process of the semiconductor device. As a re-
sult, the present invention can reduce the fabrication
cost of the semiconductor device and can improve its
reliability.

Claims

1. A semiconductor device of the type in which a lead
for electrically connecting an electrode terminal of
each semiconductor chip and an external connec-
tion terminal comprises an extension extending par-
allel to an electrode terminal formation surface of
said semiconductor chip while keeping a predeter-
mined distance therefrom, an external connection
terminal post provided on one end of said exten-
sion, and an electrode terminal post provided on the
other end of said extension and connected to said
electrode terminal of said semiconductor chip,
wherein said electrode terminal post and said ex-
tension are sealed by a sealing resin, and a tip of
said external connection terminal post is exposed
from said sealing resin.

2. A semiconductor device according to claim 1,
wherein said lead composed of said electrode ter-
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minal post, said extension and said external con-
nection terminal post is made of gold.

A semiconductor device according to claim 1 or 2,
wherein an external connection terminal made of a
metal such as solder is formed at the tip of said ex-
ternal connection terminal post.

A semiconductor device according to any preceding
claim wherein the tip of said external connection ter-
minal post is an external connection terminal so
formed as to be exposed from said sealing resin.

A semiconductor device according to any of claims
1 through 4, wherein the Young's modulus of said
sealing resin at room temperature is not greater
than 1 GPa.

A method of fabricating a semiconductor device of
the type in which an extension for connecting an
electrode terminal of each semiconductor chip and
an external connection terminal is sealed by a seal-
ing resin, said method comprising the steps of:

forming grooves at predetermined positions of
a metal plate on which said external connection
terminals are to be formed, forming external
connection terminal posts by filling a metal into
said grooves, forming extensions on said metal
plate each extension having one end connect-
ed to said external connection terminal post,
and forming electrode terminal posts having
one end connected to the other end of each
said extensions;

mounting said semiconductor chip on said met-
al plate in such a fashion that said electrode ter-
minals of said semiconductor chip are connect-
ed to the other end of said electrode terminal
posts;

effecting a first etching of said metal plate from
an open surface side to which said grooves are
open, to a predetermined thickness to form an
etched surface of said metal plate having a pre-
determined thickness, filling a sealing resin be-
tween the etched surface of said metal plate
and an electrode terminal formation surface of
said semiconductor chip, and resin-sealing
said extensions extending from the electrode
terminal formation surface of said semiconduc-
tor chip with a predetermined distance there-
from and said electrode terminal posts; and
effecting a second etching of the exposed sur-
face side of said metal plate in such a fashion
as to form said external connection terminals at
a tip of said external connection terminal posts
so exposed, and removing said metal plate.

7. A method of fabricating a semiconductor device ac-
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cording to claim 6, wherein said electrode terminal
post, said extension and said external connection
terminal post are formed by electrolytic gold plating
using said metal plate as a power feed layer.

A method of fabricating a semiconductor device ac-
cording to claim 6 or 7, wherein, after a metal layer
such as a solder layer is formed at the distal end
portion of said external connection terminal post by
electrolytic metal plating using said metal plate as
a power feed layer, ball-shaped external connection
terminals are formed by re-flowing said metal layer.

A method of fabricating a semiconductor device ac-
cording to claim 6 or 7, wherein second etching is
applied to the exposed surface side of said metal
plate, and the distal end portion of said exposed ex-
ternal connection terminal post is used as said ex-
ternal connection terminal.
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